SINCE first described by Ebstein in 1866,1 approximately 80 eases of this anomaly have been reported.2-49 Its differentiation from forms of congenital heart disease amenable to surgery is of importance and in the majority of eases may be accomplished by clinical means.
The 10 cases studied at the Children's Medical Center, Boston, ranged in age up to 25 years.
There were 4 males and (6 females. Postmortem material was available in 4, cardiac catheterization had been performed in 4 , and angiocardiography in 2. One cardiac catheterization was performed at the Mfaine General Hospital, Ilortland, Me.
RESULTS

History and Physical EXamination
Symptomatology was evaluated in 9 patients. Slightly increased fatigability and mild dyspnea on exertion were present in all patients over 1 year of age. Severe dyspnea occurred only with the onset of congestive failure. Cyanosis was observed in the neonatal period in 6 cases; 2 of these subsequently became cyanotic only with crying or activity. Cyanosis appeared after infancy inl 2, and 1 patient at, the age of 25 years had never been cyanotic. Three patients developed congestive failure in the neonatal period, at 2 years, and at 8 years of age, respectively. Paroxysmal atrial tachycardia occurred in 1 case. Squatting x-as observed infrequently in 2 patients and in only 1 was an anoxic spell with loss of consciousness described.
Examination of these patients revealed normal growth in the majority. Five were mildly cyanotic but only 2 presented clubbing. The
From the Sharon Cardiovascular Unit of the Children's Medical Center and the 1)epartment of Pedialtics, Harvard Medical School, Boston, M\lass. 1057 cardiac impulse was not forceful and extended diffusely from sternum to apex. A systolic thrill was palpable between xiphoid and apex in 6 patients. On auscultation the outstanding findings, noted in 8, were a triple or quadruple rhythm, a diminished pulmonary second sound, and systolic and diastolic murmurs of medium frequency, heard maximally at the lower left sternal border and apex. The systolic murmur was frequently described as "scratchy" or coarse.
Phonocardiogram
Sound tracings available on 5 patients showed remarkable similarity ( fig. 1 ). The first heart sound was delayed and normal in intensity, maximal at the apex. The second heart sound was maximal at either the lower left sternal border or apex in all cases, and was narrow or unsplit in 3. All presented a third sound, and in 3 a fourth sound was observed as well. A The evolution of the characteristic electrocardiographic pattern is observed in figure 2 . The first electrocardiogram taken at 3 days of age showed complete reversal of the adult R/S progression from V4R to V6 with an R in V, of 20 mm. It was within normal limits for age. In the second tracings at 312 years of age there had appeared prolonged atrioventricular conduction with a P-R internal of 0.20 at a rate of 105 per minute, P-pulmonale with a P in lead II of 5 mm., incomplete right bundlebranch block, and potentials of low amplitude in the right precordial leads.
Radiologic Examination
Marked cardiomegaly involving the right side of the heart was noted by roentgenologic examination in all patients ( fig. 3) . The contour was frequently described as "globular." A niarrow base with a small aorta was typical; the pulmonary artery was poorly visualized in 7 patients and the pulmonary vascular markings were decreased in all except 1. Diminution in the amplitude of cardiac pulsation was specifically noted in 3 cases.
Angiocardiography
Two patients were studied by angiocardiography (figs. 4 and 5). The dye entered a huge atrial chamber where it was greatly diluted and from which it emptied slowly. In one patient the pulmonary artery filled poorly; in the other it appeared normal. A right-to-left shunt was suggested by simultaneous opacification of the aorta and pulmonary artery in both cases; in one the shunt was demonstrated at the atrial level. Figure 5 was taken in a child who had been in chronic congestive failure and who died shortly after the procedure. in all, with hypertrophied muscle bundles lining the wall of the atrium and its appendage. These muscles bundles were prominent in the atrial wall of the stillborn.
The foramen ovale was patent in every case. In 1 patient a small ventricular septal defect was present as well.
The right ventricle was divided into proximal and distal portions by the misplaced valve leaflets. In the stillborn (fig. 7) these were distinctive, the proximal portion forming a thinwalled pocket measuring 1.2 cm. by 1.6 cm., the distal or outflow portion being of normal appearance and thickness. No histologic defect in the cellular structure of the proximal ventricular myocardium was observed.
In patient L. C., who had a complicated lesion, the divisions of the right ventricle were Almost without exception these patients were normal in growth. Clubbing of the fingers has been noted in about one third. Precordial chest deformities were infrequent and the cardiac impulse was commonly diffuse and quiet. In the majority, a systolic thrill was palpable between xiphoid and apex.
Auscultatory findings of wide variety have been described in the literature. The findings in our series have been so uniform as to be characteristic: a triple or quadruple rhythm; a second sound maximal in intensity at the lower left sternal border or apex; a medium frequency, moderate intensity systolic murmur decrescendo or crescendo-decrescendo in contour, and a late diastolic or presystolic murmur of moderate intensity, both maximal at the xiphoid or apex. These characteristic findings may not be present, however, for 6 The radiologic picture characteristically is one of marked cardiomegaly, a contour consistent with right-sided enlargement, a narrow base, diminished pulmonary vascular markings, and a poorly delineated pulmonary artery. Fluoroscopically, pulsation of the right border is frequently weak although a few observers have described increased presystolic pulsations. The contour of the heart mimics that of pericardial effusion and the amplitude of pulsation in each instance is diminished. The similarity of the roentgenologic picture to that of severe pulmonic stenosis with intact ventricular septum has been pointed out. 2' Angiocardiography has been performed in 23 cases. Ours appears to be the only reported fatality due to the procedure. Characteristically, the dye opacities and is greatly diluted in a huge chamber representing right atrium and proximal right ventricle. This chamber shows delayed emptying and obscures to a large extent the remainder of the cardiac silhouette. The pulmonary artery and its branches are poorly opacified. Several The pulmonary artery was entered in 27 cases. In none was there a significant gradient across the pulmonary valve.
Ebstein's anomaly may be compatible with considerable longevity, as evidenced by 2 patients who survived to the eighth decade27' 47 and 4 who were in their sixth and seventh decades.2 6, 18, 46 However, of 48 patients who have died, 40 per cent died before the age of 10 years and an additional 30 per cent by the age of 20.
Ten patients died apparently as a direct result of a diagnostic or operative procedure. Four died as a result of cardiac catheterization and 1 following angiocardiography. In 5 published cases operative procedures were undertaken. 1'resumptive diagnoses in these cases were tetralogy of 1'allot and pulmonic stenosis. Shunt procedures in 3,21 34 exploratory thoracotomy 1 ,23 and induction of anesthesia in 132 resulted in death. Because of these experiences such procedures are undertaken with some concern, and a diagnosis made by clinical means becomes of more than academic interest.
Sudden death occurred in 7 patients;4' 8, 13 Central nervous system complications have been described: cerebral embolism'4 was the supposed cause of death in 1; 2 patients died with brain abscesses,7, 28 and another with meninigitis .7 Tuberculosis was a common cause of death in the earlier cases." 3, 8, 9, 12 Two patients died with myocardial infarction,'9' 35 and 2 in congestive failure without other associated cause of death."', 43 
Pathologly
We have gathered 48 descriptions of postmortem specimens, including our own. The hearts were well over normal weight and pathologic change was generally limited to the right side.
The primary abnormality appeared to lie in the development of the tricuspid valve, the papillary muscles, and the chordae tendineae. The valve leaflets were abnormal in origin and structure, arising in whole or in part from the wall of the ventricle below the valve ring. In structure they varied from small nubbins to large membranous curtains that fused so as to allow communication only through small fenestras. They were occasionally plastered down to the wall of the right ventricle to form an obviously insufficient valve. Cusps in some instances were completely absent. Most commonly the posterior and medial leaflets were grossly deformed but the anterior leaflet was frequently involved as well. In the region of the abnormal cusp, the papillary muscles and chordae were invariably poorly formed, sparse, vestigial, or absent.
The right ventricle was divided into 2 parts by the abnormal valve. The proximal portion was a thin-walled, dilated chamber that had taken on the characteristics of the atrium. The right atrium was hugely dilated and frequently hypertrophied. No specific histologic defect has been noted in the myocardium of the proximal right ventricle. The distal portion was frequently limited to the outflow chamber. Usually its wall was of normal thickness. In 6 instanceS23' 29, 43 including 3 of our own, this distal chamber was found to be dilated and the pulmonary valve dilated or thickened; in 3 of these congestive failure was clinically wN-ell documented.
A patent foramen ovale awas observed in 29 cases, an atrial septal defect in 6. Thus, the mechanism for a right-to-left shunt wxas present in a large nuniber. 
